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Phosphorylation of neurofilaments can also occur by using 32P,, either by injecting it directly into the giant axon or body cavity of Myxicola or by incubating axoplasm or nerve segments with 32PI. Mitochondria are involved in this process, which in Myxicola occurs at a rate of approx. 0.1 nmol of PI transferred to neurofilaments/h per mg of axoplasm. This rate is not significantly different from the maximum rate that we have been able to measure for the kinase under optimum conditions in , uitro (0.1 3 nmol of PI transferred/h per mg of axoplasm).
In addition to the physiological studies we have carried out, we have also attempted to locate, by using peptide 'mapping', the phosphorylation sites on the neurofilament molecule. In Myxicola two sites are phosphorylated per molecule. These sites are situated on the variable side arms that extend from the filament core. It is noteworthy that, because of the position of these sites, they are highly susceptible to enzymic modification and can therefore readily engage in phosphorylation and dephosphorylation reactions.
As yet we do not know the reasons for neurofilament proteolysis or phosphorylation. However, the widespread occurrence of these processes and the properties of the systems argue strongly in favour of them having functional significance. We hope in the future to combine these functional studies with detailed studies on structure and so attempt to understand the role neurofilaments play in axonal processes. 
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Skeletal muscle differs from all other mammalian tissues examined in containing relatively low concentrations of calmodulin ( 2 -5 p~) but very high concentrations ( 7 0~~) of another Ca2+-binding protein, troponin C. Calmodulin and troponin C possess a number of common properties, and their sequence homology suggests evolution from a common precursor. About 50% of the residues in the two proteins are identical, and it is reasonable to postulate that troponin C is a special type of Ca2+-binding protein that has evolved for the extremely rapid response of the contractile process to the rise in Ca2+ concentration in the muscle cytoplasm on stimulation.
One of the special features of troponin C from skeletal muscle is its ability to form a very stable complex with the inhibitory protein, troponin I, in the presence of Ca2+. Indeed, Head & Perry (1974) showed that when homogenates of muscle in 8 M-urea were subjected to polyacrylamide-gel electrophoresis at pH8.6 the two proteins migrated as a complex. When the Ca2+ was removed with. EGTA, however, the complex was dissociated, and the troponin I remained at the origin whereas the troponin C could be identified as the fastest-migrating band. If homogenates of brain in 8M-urea are treated similarly in the absence of Ca2+, calmodulin can be seen as a strongly staining fast-migrating band; in the presence of Ca2+ the calmodulin band disappears, but no band of complex migrates into the gel (Grand et al., 1979) as is the case with the complex of troponin C and troponin I from skeletal muscle. Experiments with brain homogenates to which radioactively labelled calmodulin was added have shown, however, that on electrophoresis in the presence of Ca2+ calmodulin remains at the origin of the gel (Grand & Perry, 1979) complexed with a number of other proteins. These proteins have been termed calmodulin-binding proteins (see Cheung, 1980 ) and bind to calmodulin in a manner analogous to the binding of troponin I to troponin C.
BIOCHEMICAL SOCIETY TRANSACTIONS
A calmodulin-binding protein of mol.wt. 77000 was isolated by Wang & Desai (1977) and Klee & Krinks (1978) from bovine brain in yields of a few milligrams per kg of tissue. These results suggested that this protein was not present in high enough concentrations to complex all of the calmodulin present, but more recently Grand & Perry (1979) have partially purified from brain three calmodulin-binding proteins of mol.wts. 140000, 71000 and 60000 each estimated to be present in excess of 200mg/kg of tissue. These proteins have been isolated by gel filtration on Sepharose 6B in the presence of 6M-urea followed by ion-exchange chromatography to remove the calmodulin and finally by affinity chromatography in 6 M-urea on a column of bovine brain calmodulin coupled to Sepharose 4B. The calmodulin-binding proteins were eluted from the column with EGTA. Both fractions containing 140000-mo1.w. calmodulin-binding protein (contaminated with material that did not migrate into polyacrylamide gels in the presence of sodium dodecyl sulphate) and that containing 7 1000-mo1.w. and 60000-mol.wt. calmodulin-binding proteins were insoluble either in water or in the pH range 2-9.
They were, however, soluble in 6 M-urea and formed urea-stable Ca2+-sensitive complexes with calmodulin and troponin C that did not migrate on electrophoresis on polyacrylamide gels at pH8. It has been shown that myelin basic protein, which is a component of brain, will also interact with calmodulin in a 1 : 1 molar ratio (Grand & Perry, 1979) . The complex formed is stable in the presence of 6M-urea provided that Ca2+ is present. Myelin basic protein will inhibit the calmodulin activation of cyclic nucleotide phosphodiesterase (approx. 50% inhibition at a molar ratio of 2 : 1) in a manner similar to troponin I (Grand & Perry, 1979) and the calmodulin-binding protein isolated by Klee & Krinks (1978) . However, it is likely that the binding of calmodulin to myelin basic protein does not occur in vivo since the concentration of Ca2+-binding protein in myelin isolated from brain under conditions that do not lead to the dissociation of pre-existing calmodulin complexes is very low (Grand & Perry, 1980) . Most histones also form complexes with calmodulin, but only that formed by histone H2B is urea-stable and Ca*+-sensitive on electrophoresis on polyacrylamide gels (Grand & Perry, 1980) . Although most of the studies have been carried out with histone H2B from gizzard and thymus, it is likely that histone H2B from brain behaves similarly to that from other tissues. As yet there is no evidence that this interaction is of physiological significance.
The results of polyacrylamide-gel electrophoresis of wholebrain homogenates in urea indicate that all of the calmodulin present in brain is present in the form of a Ca2+-dependent complex with one or more other basic protein. The gel-filtration experiments suggest that the calmodulin-binding proteins of mol.ws. 140000, 71000 and 60000 make up the bulk of the fraction to which the calmodulin is complexed. Although complexes can also be formed with myelin basic protein and histone H2B, they do not appear to exist in homogenates of brain made in urea in the presence of Ca2+. It is surmised that the myelin and histone complexes are detected only after dissociation of the pre-existing complexes of endogenous calmodulin with the calmodulin-binding proteins of mol.wts. 140000, 71000 and 60000. These results suggest that the complexes with the latter proteins pre-exist in the cell or at least are more readily formed during solubilization in urea than is the case with those with myelin basic protein or histone H2B.
As the calmodulin-binding proteins of mol.wts. 140000, 71000 and 60000 are present in high concentrations, they probably do not correspond to any of the enzymes mentioned above for which calmodulin acts as the Ca2+-binding subunit. To date there is no direct evidence to suggest a function for these proteins, although it is possible that they could perform a regulatory function analogous to that of troponin I in its interaction with troponin C. Just as calmodulin and troponin C have a common evolutionary precursor (Barker et al.. 1977) , so the calmodulin-binding proteins and troponin I could have evolved from a primitive regulatory protein (Perry et al., 1979) . If that were the case, the two binding proteins must have diverged during evolution considerably more than the two Ca2+-binding proteins to account for the differences in molecular weight, quite apart from the differences in their sequences, about which there is, so far, no information. In a systematic search for brain-specific proteins, Moore & McGregor (1969, using a combination of DEAE-cellulose chromatography and starch-gel electrophoresis, were able to detect two highly acidic proteins, apparently occurring exclusively in nervous tissue. These were designated 14-3-2 and S-100 (Moore, 1965 (Moore, , 1973 Moore & Perez, 1968) . Protein 14-3-2, which co-purifies with protein S-100 until the later stages of preparation, was, in the decade after its discovery, intensively studied simply as a tissue-specific protein of unknown function, sensitive immunological methods being used in its determination (Moore & Perez, 1968; Moore, 1973) . It was found to be a protein with minimum mol.wt. 40000-50000, showing a strong tendency to aggregate and having, like protein S-100, a high content of glutamic and aspartic residues (Grass0 et al., 1977). Detailed studies of tissue distribution confirmed that it was essentially confined to the nervous system, but that, in contrast with protein S-100, protein 14-3-2 was apparently specific to neurons (Cicero et al., 1970~). Dramatic increases in both proteins were detected during development, and these were correlated with the functional maturation of the nervous system (Cicero et al., 1970b) .
Ten years after its discovery, protein 14-3-2 was shown by Bock & Dissing (1975) to have enolase activity, and this finding brought together studies on this brain-specific protein and work on enolase isoenzymes that had been proceeding independently. Enolase is a glycolytic enzyme with a virtually universal distribution in Nature. It is a dimer with subunits of mol.wt. about 4000CL-45 OOO and is known to occur as isoenzymes not only in animals but also in yeasts. The existence of two types of subunit, a and P, in vertebrates is sufficient to explain the enolase isoenzymes of most tissues. Thus liver contains predominantly the homodimer aaenolase and the mature skeletal muscle has only PP-isoenzyme (Rider & Taylor, 1974 . These isoenzymes can be separated electrophoretically or by chromatography, and the purified homodimers can be induced to form hybrids in uitro. Specific antisera were prepared against the two subunit types, and these together caused virtually complete inhibition of enolase activity in all tissues tested except brain. In this tissue approx. 30% of the activity was resistant to these antisera (Rider 19 Taylor, 19756) .
Subsequently it was shown by several groups that brain extracts could be separated to give three distinct isoenzymes of enolase, two of which contained a previously unknown acidic subunit of enolase, designated y (Pearce et al., 1976; Fletcher et al., 1976; Chen & Giblett, 1976) .
The essential features of the set of brain enolase isoenzymes are given in Fig. 1 , which shows their gradient elution from a DEAE-Sephadex column. The first peak is acr-enolase, the last is y y-enolase and the intermediate is the hybrid a y-isoenzyme. This conclusion is supported not only by the electrophoretic properties of the enolase in these peaks but also by immunological analysis performed with the antiserum against cr-enolase and another raised against the supposed y-enolase of the third peak. Peak 1 is susceptible only to anti-(a-enolase) serum, peak
